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Cluster analysis based on plasticity 2 7 6 Response to P availability in plants was assumed to affect all the phenotypic traits 2 7 7 observed. Therefore, the genotypic P response among different traits (plasticity) was worked 2 7 8 out as the percentage difference under both P conditions over the mean P response.
7 9
Hierarchical clustering was done on the plasticity matrix, using correlations as the distance 2 8 0 measure and by performing multiscale bootstrap resampling (Shimodaira, 2004) . The p-2 8 1 values computed for bootstrap events for each cluster was used for identifying significant 2 8 2
clusters. There are two p-values computed, BP and AU, BP being the bootstrap probability and AU being the approximately unbiased p-value, a better measure of approximation 2 8 4 (Shimodaira, 2002 (Shimodaira, , 2004 . The computations were performed using the 'pvclust' package 2 8 5 (Suzuki & Shimodaira, 2006) in R using correlations and average agglomeration with 3000 2 8 6 bootstrap resampling. All the analyses were done using R Studio 1.1.463 running R version 2 8 7 3.5.1. Analysis of variance revealed that significant genotypic variation existed for all the 2 9 3 traits under both P-and P+ conditions except for 25 seed weight, which was dropped from 2 9 4 further analyses ( Table 1) . The season and genotype x season component showed non- obtained from the vector of genetic effects and the error variance obtained from the vector of 2 9 7 residuals showed profound influence of genotypic variance to the total variance for all the 2 9 8 traits in the population. Although these estimates are not accurate, they indicate the general 2 9 9 trend of influence of different sources of variation to the heritable component of the trait 3 0 0 (Gilmour et al., 1995) . and 4 th under P+), ( Figure 1A ). Maxima1 was the poorest among all the genotypes under P-, The means for the field experimentation clearly illustrated the response of genotypes 3 0 9
for each trait analysed (Table 2 and Supplementary Table S2 ). Statistically significant 3 1 0 differences were seen for all the traits when the good and poor performing genotypes based
on the rank sums for the P+ plot were compared. In the case of P-conditions also, 3 1 2 conspicuous differences were recorded for all the traits. However, when the selection was
done for extreme five genotypes in both the directions in both the treatments, differences in in some of the genotypes with varied responses to P fertilization is given in Figure 2 .
Greenhouse grown plants also showed a high degree of variation with respect to
growth on differing levels of Pi (Supplementary Table S3 ). Genotype ISe 1851 had the
lowest rank sum (high performer) under P-, this was followed by CO6, ISe 1338, ISe 1305
and ISe 1254. (Figure 1B ). Genotypes ISe 1474 and ISe 748 had the highest (low performer)
rank sum under P-. Under high phosphate, the cumulative rank order was very different, biomass, SL, RL, RHD and RHL than low performers ( Table 3 .) The low performer ISe 1687, registered significantly higher RHD and RHL than other low performers under P-
condition. ISe 1687 was interesting because despite RHL and RHD that were comparable to the high performers all other responses were poor, probably because the roots themselves 3 2 7
were very small. Under P+ conditions, the five low performers were comparable to the five 3 2 8
low performers under P-conditions for all parameters. Genotypes ISe748, ISe1254 and 3 2 9
ISe1687 were common to both treatments as low performers. ISe748, ISe1254 and ISe1736
grown under P+ treatment as well as under P-condition lacked root hairs ( Table 3 and and ISe 1387) shown in Figure 3 were sparse or undiscernible under P+ conditions but were
increased in length and number in P-conditions. The high responding genotypes under P+ were different from the high responding genotypes under P-with the exception of the local 3 3 5 genotype CO6 which was ranked 2 nd under both P-and P+ ( Figure 1B) . It attained 90 % of 1 3
ISe 1387 which was the highest ranking genotype under field conditions in both Pi 3 4 0 regimes, ranked low when grown under greenhouse conditions ( Figure 1A, B) . Maxima1, under P-situations under greenhouse evaluation. The total P and Pi contents were assayed in the leaf and root tissues of each of the five glasshouse generally had much higher (1.5-3 fold higher) total leaf P and leaf Pi contents than 3 5 7 low performers. Root total P and Pi was also higher although there was more variation and This may suggest that ISe 748 had low ability in exporting Pi from the root to shoot tissues 3 6 2 (compare Figure 4A and B). Under P-, the high responding genotypes maintained higher 3 6 3 levels of both root and shoot P compared to poor responders ( Figure 4C and D). As
expected, in both high and low performers, more plant Pi is present under P+ conditions than P-maintained similar levels of tissue P to poor responders on P+ suggesting higher PAE (compare Figure 4B and C). Under field conditions, the best performers had higher (>50 %) total and Pi content than the poor performers ( Figure 5A and B). The levels of shoot total P and Pi were similar responders) and intermediates under both P+ and P-conditions. The genotypes ISe 1181, ISe hence were identified as high P tolerant types (on the right side of Figure 6 ). It is of 4 0 3 particular interest to understand which genotypes were most responsive to P fertilisation.
0 4
Although plasticity over the mean performance was low (19.3%), the genotype ISe 1387
showed a particularly strong response to P application in both greenhouse and field The standardised phenotypic data-based analysis of 54 foxtail millet genotypes in 4 1 2 both greenhouse and field conditions under P-and P+, revealed two to four clusters of response to Pi conditions. There were four clusters of genotypes under field conditions in P- responders for total seed yield, and these three genotypes were found grouped together into 4 2 0 one cluster (Supplementary Figure S1) . But, these three genotypes were grouped in separate (Supplementary Figure S3) showed that higher variability in biomass influenced the showed lesser variability. Under P-conditions (Supplementary Figure S4) , however, the 4 3 7
biomass and SL traits were the major traits that diversified genotypes than RHD and RHL. The RHD and RHL showed the same variability in both P-and P+ with good responders, showed an intermediate response in P-. The agromorphologic data obtained showed high levels of variation for P response as seasons, a few showed variations due to environmental variations. This can well be attributed
to genotypic homeostasis that varies between genotype to genotype. Moreover, this is not were then used as the criteria for selection of extreme genotypes to divulge the contrast in 4 7 6
response to P nutrition in foxtail millet genotypes. The ranking is a simple but efficient non-
parametrical method in genotype selection (Kang, 1988; Huehn, 1996) P+ and P-conditions in the field and P-condition in the greenhouse. that possess an active sink of P are P use efficient. There was good agreement between plant 4 9 2 P content under field and greenhouse conditions indicating that the P response pattern of the 4 9 3
genotypes was consistent irrespective of the growing systems. However, the relationship did in these sets of genotypes. P uptake efficient genotypes can efficiently harness P under P+ 4 9 6
conditions. Furthermore, good responders under P+ and P-conditions accumulated more P in 4 9 7 the plant system than the poor responders. Those with high P in the plant system also have In the field-based study, the high responding genotypes under unfertilized conditions Since the seed yield is the ultimate target of any crop based study, plasticity analysis average of that genotype in both the conditions. Since the response under low P is subtracted TSE based on plasticity analysis, because they were more productive under fertilised
condition. However, the plasticity of these genotypes is low and closer to the axis (19.3% and 5 5 8
6.6% respectively), which indicated that they could perform equally well under low as well as 5 5 9
high P conditions, irrespective of the magnitude of yield, with a slight edge towards high P 5 6 0 response. Such genotypes are highly preferable, as they can be grown both under varying P 5 6 1 situations.
6 2
Clustering analysis and representation of the data as heat maps allowed an overview
of the performance of all genotypes under both greenhouse and field conditions.
6 4
Performances in the greenhouse and in the field were not well correlated in the clusters, and
no convincing correlation between any greenhouse measured parameter and seed yield in unfertilized conditions could be ascertained. However, seed yield under P-fertilized and 5 6 7 unfertilized conditions was correlated, which suggested that genetic control of seed yield was 5 6 8 largely independent of P supply. The total and Pi contents of high-responding genotypes were number; SPC, seeds per cluster; TSE total seed yield. by Euclidean distance. Yellow equates to a high value and red to a low value. SL, shoot 6 1 2 length; RL, root length; RHD, root hair density; RHL, root hair length. for the greenhouse under P-(10 µM Pi). Genotypes are scaled and hierarchically clustered by
Euclidean distance. Yellow equates to a high value and red to a low value. SL, shoot length;
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